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The Effect of Diet on Scaling of Nitrogen Assimilation in Manduca sexta
Ryan Benjamin Bash ’10, Pratima R. Shanbhag ’10 & Andrew J. Kerkhoff
Dept, of Biology, Kenyon College, Gambier, Ohio
Introduction
■The size of an organism dictates many aspects of its functioning, behavior, 
and physiology.
■Perhaps the most important of ail factors is that of their metabolism, which 
describes the rate of energy use of an organism.
■Crucial to metabolism is assimilation, the process by which nutrients are 
absorbed and incorporated in to a living organism.
■it has been shown in numerous studies that metabolic rate (MR) increases 
with body weight (BW) as MR = aBW&, where a and b are both constants. 
■This so-caiied scaling relationship is very general, often with an exponent of 
b ^0 .75  (Schmidt-Nielsen, 1984, Meehan and Lindroth, 2007 ).
•Few lab studies have directly examined the factors that might generate 
metabolic scaling, including assimilation.
■We employed larvae of the Tobacco hawkmoth, Manduca sexta, because 
they exhibit a large (104) increase in size in only a matter of 18 days (Fig 1). 
■We employed two food sources, a wheat germ and casein food and their 
natural diet (tobacco, Nicotiana tabacum) to examine the effects of food 
quality on assimiiatory processes.
■Hypotheses: Both ingestion and excretion rates will scale with BW:
I  = a.B W b‘ F  = a f B W b'
Materials & Methods
■Manduca sexta: Larvae were acquired from Carolina Biological Supply. 
Upon hatching, the caterpillars were reared in individual containers inside an 
incubator (27°C with a 16L:8D photoperiod), individuals were weighed, fed, 
and frass was collected daily. Animals were raised on both artificial and 
natural diets and allowed to develop through the 5th instar, in total there were 
35 wheat germ-fed and 14 tobacco-fed individuals.
■Nutrient Analysis: Frass samples were dried in an oven for at least 24 hrs 
(60 °C) and nitrogen content was analyzed using a Perkin Elmer CHN 2400 
Autoanalyzer.
■Wet/Dry Conversion: Mass-balance procedures use dry weights, therefore 
wet/dry conversions for food, frass, and Manduca masses were created using 
regression analyses between wet and dry weights.
■Assimilation Calculations
Assimilation is the balance between ingestion (i) and excretion (F).
1 = Food added Foodeaten
AT N fo o d  F  I Y *  frass
I - F
I
Results
Ingestion scaling exponents
I^ wgd-  0.4644 
bT0B= 0.7552
Excretion scaling exponents (compare with b™ 0.75 (Meehanandundroth2007>)
I^ wgd-  1-025 
^tob= 1 -495
■Assimilation Efficiency for both diets decreases throughout development, 
with a much steeper decline for tobacco-fed animals.
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Figure 2. Scatterplot with regression o f log Ingestion as a function o f log BW (g) per diet 
(Tobacco, R2= 87.4, ANOVA, p=0.000) (WGD, R2 = 70.1, ANOVA, p=0.000).
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Figure 3. Scatterplot with regression o f log excretion as a function o f log BW (g) per diet 
(Tobacco, R2= 88.6, ANOVA, p= 0.000), (WGD, R2=83.2, ANOVA, p=0.000).
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Figure 4. Polynomial Regression Analysis of N assimilation efficiency as a function of log 
BW (g) per diet. Notice the negative trend in both curves.(Tobacco, R2= 46.4, ANOVA, 
p=0.002) (WGD, R2=60.1, ANOVA, p=0.000)
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Figure 1. Development o f a Manduca sexta larva. There is a 104 fold increase in size over the 
course o f 18 days that makes the organism suitable fo r metabolic studies.
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Results Cont.
■There is an effect of diet on ingestion, excretion, and assimilation efficiency.
■Tobacco-fed animals both ingest (figure 2) and excrete (figure 3) nitrogen at 
a higher rate than WGD-fed animals; but they do so less efficiently (figure 4).
■ Tobacco: br bF=0 .7398
■WGD: b|-bF= 0.5606
Discussion
■in summary, ingestion (i) and excretion (F) do scale with BW.
■Regardless of diet, the rate of N ingestion (figure 3) is always larger than the 
rate of excretion (figure 2); Manduca always retain some of what is ingested.
■As the organisms develop, they increase the total amount of nitrogen 
assimilated (data not shown) with decreasing efficiency (figure 4).
■Nicotine found in tobacco presents an addition step in processing the food. 
Therefore, tobacco-fed animals assimilate less per unit of food than animals 
fed the easily digested WGD.
■The carbon in tobacco is substantially structural, while in WGD it is mostly 
sugar which is more easily processed.
■We see a marked decrease in NAE as BW increases for both diets. Nearing 
pupation, N excretion rate approaches the rate of N ingestion. The animal is 
passing more food but processing less. This is in contrast to earlier instars 
where the relative NAE » 1.
■Future studies will further investigate nutrient assimilation (incl. carbon), the 
C:N ratio as a fxn of BW and the relationship between assimilation and 
metabolism.
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